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1. Introduction 
Trebst et al. [I] reported that dibromothymo- 
quinone inhibits photosynthetic electron transport by 
acting as an antagonist for plastoquinone. Due to the 
structural and functional similarity of plastoquinone 
and ubiquinone in chloroplasts and mitochondria 
respectively, an inhibition of mitochondrial electron 
transport can also be expected. As reported by Lenaz 
[2] and confirmed by us, dibromothymoquinone 
inhibits mitochondrial electron transport both from 
succinate and NADH-linked substrates. The most 
interesting feature of this inhibitor however is that 
in the CN-and/or antimycin blocked respiratory chain, 
the b-cytochromes are specifically oxidized, while 
the redox state of cytochromes cl, C, a, a3 is not 
affected. This finding is discussed on the basis of the 
model of electron transport at phosphorylation site 
II recently proposed by WikstrSm and Berden [3]. 
2. Materials and methods 
Dibromothymoquinone was a gift of Dr. Melandri. 
Rat heart mitochondria were prepared according to 
ref. [4]. Difference spectra were carried out with a 
split-beam spectrophotometer designed and constructed 
in the Johnson Research Foundation, University of 
Pennsylvania. Oxygen uptake was measured with a 
Clark-electrode [ 51. 
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3. Results 
The inhibition of mitochondrial respiration by 
dibromothymoquinone is shown in fig. 1. The rate of 
O2 -uptake of freshly prepared rat heart mitochondria 
respiring on succinate (curve A) or on malate/ 
glutamate (curve B) in state 3 [6] was titrated with 
dibromothymoquinone. Between 20-25 PM 
dibromothymoquinone was necessary to obtain 50% 
inhibition of mitochondrial respiration. 
Difference spectra of rat heart mitochondria in the 
presence and absence of dibromothymoquinone are 
shown in fig. 2. The base line A was obtained by 
reducing the mitochondrial respiratory chain with 
succinate in the presence of CN. Addition of 70 PM 
dibromothymoquinone to the sample cuvette 
resulted only in the oxidation of cytochrome b at 
562 nm (curve B). The other cytochromes 
(cr,c, a,a3) remained reduced under these conditions. 
In the uncoupled respiratory chain CN reduces all 
cytochromes, except cytochrome bsa6, which remains 
largely oxidized [7, 81. In the presence of antimycin 
however, this cytochrome b-species also becomes 
reduced [7, 81. Therefore antimycin has been sub- 
sequently added to both cuvettes of the split-beam 
spectrophotometer in order to reduce also this 
cytochrome b-species. The difference spectrum ob- 
tained under these conditions is shown in curve C: 
(succinate + CN + antimycin) + dibromothymoquinone. 
The oxidation of cytochrome b is now twice as large 
and accompanied with a shift of 2 nm to longer 
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Fig 1. Inhibition of mitochondrial respiration by dibromothy- 
moquinone. Rat heart mitochondria (1 mg protein/ml) were 
supplemented with 3 mM Pi and 3 mM ADP in sucrose-Tris 
buffer (0.25 M sucrose, 10 mM Tqis-HCl, pH 7.2). Curve 
A: Rate of Oa-uptake in the presence of 3 mM succinate 
and 2 PM rotenone. Curve B: Rate of 02 -uptake in the 
presence of malate/glutamate (2 mM each). 
wavelengths (564 nm) indicating that this inhibitor 
prevents specifically the reduction of both b-cyto- 
chromes having absorption maxima at 562 nm and 
566 nm. The redox states of cytochromes cr, c, a, 
cl3 are not affected under these conditions by this 
inhibitor. 
In different experiments with beef heart mito- 
chondria, mitochondrial membrane fragments and 
succinate cytochrome c reductase [9] the presence of 
this inhibitor resulted always in a specific, large 
oxidation of cytochromes b, whatever the sequence 
of additions had been. Furthermore, the specific 
oxidation of cytochromes b could be reversed upon 
addition of phenoxymethylsulfate. 
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Fig. 2. Dibromothymoquinone induced oxidation of cyto- 
chromes b. Difference spectra of rat heart mitochondria 
(2.5 mg protein/ml) in state 3 were monitored with a split- 
beam spectrophotometer. Curve A: Base line (= 3 mM 
succinate, 5 mM CN, 3 mM Pi, 6 mM ADP and 2.5 mg 
mitochondrial protein/ml in each cuvette). Curve B: Base 
line f 70 PM dibromothymoquinone. Curve C: The same as 
curve B, after the addition of 0.5 Mg antimycin/mg protein to 
both cuvettes. 
4. Discussion 
The inhibition of mitochondrial electron transport 
by dibromothymoquinone from both the succinate 
and the NADH pathways, the induction of 
cytochromes b oxidation and the structural similarity 
with ubiquinone makes it most likely that the site of 
inhibition is at the branching point of the respiratory 
chain on the substrate side of cytochromes b at the 
level of ubiquinone. 
Since the absorption spectrum of this inhibitor is 
nearly identical to that of ubiquinone, it could ex- 
perimentally not be decided whether the oxidation 
of b-cytochromes induced by this inhibitor is accom- 
panied by a reduction of ubiquinone. Though rather 
unlikely it can therefore not be excluded that 
dibromothymoquinone exhibits separate effects on 
succinate and NADH dehydrogenase. 
Furthermore it could not yet be clearly decided 
whether the oxidized or reduced form is inhibitory. 
When dibromothymoquinone was reduced by sodium 
borohydride it became rapidly auto-oxidized by air. Tf 
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dibromothymoquinol were formed by interaction 
with the mitochondrial respiratory chain its rapid 
auto-oxidation should result in HzOz or Oa- 
radical formation. Since instead, we observed an 
inhibition also of the endogenous rate of 02- 
radical and Hz O2 formation of mitochondria by 
this inhibitor, it is most likely that the oxidized form 
is the inhibiting species. 
The most puzzling finding however, which needs 
to be explained, is the specific oxidation of just the 
b-cytochromes. 
In a CN--blocked respiratory chain, reduced by 
succinate or NADH-linked substrates, all electron 
carriers should become highly reduced if they are in 
equilibrium with each other [8]. It is known 
however, that in the uncoupled respiratory chain 
blocked by CN, succinate or NADH fail to reduce the 
cytochrome bsb6 unless special conditions are 
employed [7, 81. This is explained by the existence 
of an accessibility barrier (structural or kinetic) [lo] 
for this b-species. From the results reported above it 
seems that this ‘accessibility barrier’ is extended by 
dibromothymoquinone also to cytochrome bse2. It 
is generally agreed now that the b-cytochromes are in 
the main-path of the respiratory chain [7, 81. Their 
specific oxidation induced by this inhibitor without 
affecting the redox states of cytochromes ci,c,u,as is 
highly indicative to us that nevertheless ome 
electrons can bypass the b-cytochromes keeping the 
high-potential cytochromes cl,c,a,a3 reduced. The 
action of this inhibitor can be explained by (and in- 
deed is a strong support for) the model of electron 
transport as proposed recently by Wikstrom and 
Berden [3] : 
OH- 
According to these authors the two electrons from 
ubiquinol are reducing cyt. c on two separate pathways, 
only one of which contains cytochromes b and can 
be inhibited by antimycin, while the second electron 
reaches cyt. c directly bypassing the b-cytochromes. 
The specific oxidation of both b-cytochromes in the 
presence of CN and/or antimycin induced by 
dibromothymoquinone can easily be explained on the 
basis of this model, if one assumes that the site of 
inhibition is in the upper pathway between ubiquinol 
and cytochromes b, while the high potential cyto- 
chrome species cl,c,a,aa are still sufficiently kept 
reduced by the semiquinol radicals through the lower 
pathway of this scheme. It should be pointed out that 
most inhibitors of mitochondrial electron transport 
block the respiratory chain at a phosphorylation site 
and thus separate the respiratory chain into different 
pools of iso-potential electron carriers. Dibromothymo- 
quinone however, seems to be the fist inhibitor 
blocking electron transport not at a phosphorylation 
site, allowing equilibration of electron carriers of 
different potential pools. 
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